The epidemiology of leptospirosis in Iowa swine was examined on the basis of serologic results and herd data from 55 herds in the National Animal Health Monitoring System (NAHMS) program and culture results and histories from 578 cases of reproductive failure submitted to the Iowa Veterinary Diagnostic Laboratory during a 3-year period. Thirty-eight percent of sera from NAHMS herds contained antibodies against 1 or more of 12 leptospira antigens. Leptospires were isolated from 9 (1.6%) of 578 cases of reproductive failure. Seven (78%) of the isolates were identified as Leptospira interrogans serovar kennewicki and 2 (22%) as serovar grippotyphosa. In 7 herds from which leptospires were isolated, attack rates ranged from 1% to 84%. Clinical leptospirosis, characterized by reproductive failure and confirmed by isolation of leptospires, was sporadic. No significant differences in farrowing averages and reproductive problems were observed between vaccinated and nonvaccinated NAHMS herds or between herds with higher (43-63%) or lower (14-40%) percentages of animals that were serologically positive against serovar bratislava.
demnation of kidneys at slaughter. l5 In sows and gilts, Leptospira interrogans infection in swine is recognized as a cause of serious economic loss and a potential hazard to human health. Infections in swine may abortions or birth of dead or weak pigs often occur without premonitory signs. range from clinically inapparent to severe febrile illnesses with icterus, hemorrhages, and possibly death. The outcome of acute leptospirosis in young pigs may l6 Transmission occurs by range from death to spontaneous recovery. 11 In growers and finishing hogs, mild febrile illnesses, anorexia, and direct contact of urine from infected swine with oral poor weight gain may be seen. Leptospires frequently cause interstitial nephritis, a common cause of conor nasal mucous membranes, conjunctiva, or abraded skin or indirectly through urinary contamination of food, water, or soil. 9 Venereal transmission is probable among serovars, uncertainty as to what is a diagnostic titer, and failure of some infected animals to seroconvert cause considerable difficulty in interpretation of serologic test results. 16, 20, 27 Fluorescent antibody tests and leptospira isolation techniques are being used more frequently for diagnosis. 16, 27 The purpose of this study was to examine epidemiologic aspects of leptospirosis in Iowa swine on the basis of leptospira isolation results from herds with reproductive problems and serologic test results and although not definitely proven. 3 Swine sera are frequently tested for antibodies against the No. positives per dilution were identified to the serovar level with agglutinin-absorption tests and/or restriction enzyme analyses essentially as described. 17, 18 Case histories and herd data. Data were provided by the IVDL on numbers and types of swine, vaccination histories, and reproductive problems for herds from which specimens were submitted for leptospira isolation. Data for herds in the NAHMS program were summarized from monthly reports of producers. The sampling methods used in the NAHMS program have been described. 1, 21 Briefly, random paths on road maps of randomly selected counties led to herds to be sampled. The number of samples collected from each herd (10-30) was based on herd size.
Statistical analyses. Student's t-test was used to compare farrowing averages and numbers of stillbirths, abortions, and mummified fetuses in vaccinated and nonvaccinated herds and in herds with varying percentages of sows serologically positive against serovar bratislava.
Results
Serologic tests. Of 1,264 sera from NAHMS herds, 480 (38%) were positive at dilutions ≥ 1: 100 against 1 Table 2 . Culture results on specimens submitted by the IVDL, 1985 IVDL, -1987 or more leptospira antigens (Table 1) . Forty-two percent of sera tested against bratislava antigen were positive, 8% against copenhageni, 6% against ballum, 4% against autumnalis, 3% against hardjo, and 2% against pomona. One percent or fewer positives were detected against other antigens. Twenty-seven percent of sera contained antibodies against more than 1 serovar. The most frequently observed cross-reactions were bratislava-copenhageni (n = 53) and bratislava-autumnalis (n = 26). Titers ranged from 100 to 6,400, with 88% of positive reactions occurring in the 1:100 and 1:200 dilutions.
Culture. Leptospires were isolated from 9 (1.6%) of 578 submissions from the IVDL ( Table 2 ). Seven (78%) of the isolates were identified as serovar kennewicki of the Pomona group, and 2 (22%) were identified as serovar grippotyphosa. Case histories, MAT results, tentative or differential diagnoses, and serovars isolated from the 9 culturally positive herds are summarized in Table 3 .
Attack rates. Attack rates (AR) were calculated for the IVDL cases on the basis of the number of sows or gilts affected divided by the number at risk multiplied by a factor of 100 for the 7 herds for which these data were available (Table 3 ). Ten sows were considered to have been at risk in case 4, because 80 other sows were separated from the group in which abortions occurred. Attack rates ranged from 1% to 84%. The overall AR was 22%. Data were not sufficient for an estimation of the effect of leptospira vaccination on prevention of disease manifestations in herds from which leptospires were isolated. In the 1 herd (case 6) that was vaccinated Case for leptospirosis, the AR was 5% and in 6 unvaccinated serologically positive animals. The percentage of seroherds, the AR ranged from 1% to 84%. positive animals ranged from 14.3% to 63.3% (x = NAHMS herds. Of the 55 herds in the NAHMS 39.2%). No significant differences were observed beprogram, 45 (82%) had sows or gilts that far-rowed tween herds with higher seropositive rates (43.3-63.3%) during the observation period. The 8,776 farrowings and herds with lower seropositive rates (14.3-40.0%) resulted in the birth of 85,245 live pigs for an overall in farrowing averages (P > 0.30) or in the occurrence farrowing average of 9.7. No clinical or laboratory di-of stillbirths (P > 0.60), abortions (P > 0.20), and agnosis of leptospirosis was made on any of the par-mummified fetuses (P > 0.60) ( Table 5 ). The range of ticipating farms during the period. Reproductive prob-bratislava seropositives in 9 herds of finishing hogs was lems reported were stillbirths in 43 (96%) of the 45 26.7-73.3% (x = 47.4%). herds, abortions in 4 (8.9%) of the herds, and mummified fetuses in 13 (28.9%) of the herds. Sows in 30 Discussion herds were vaccinated by the producers with a com-The percentage of seropositive swine observed in mercial pentavalent leptospira bacterin. Far-rowing av-this study (38%) approximates that observed on a mulerages and the numbers of stillborn pigs, abortions, and mummified fetuses per far-rowing according to the vaccination status of herds are presented in Table 4 . No significant differences were observed between vaccinated and nonvaccinated herds in far-rowing averages (P > 0.40) or in the occurrence of stillbirths (P > 0.50), abortions (P > 0.20), or mummified fetuses (P > 0.30).
Sera from 29 (53%) of the 55 NAHMS herds were tested against bratislava antigen. Of these, 20 herds with sows or gilts had a total of 4,047 farrowings during the observation period, resulting in the births of 38,673 live pigs for a farrowing average of 9.56. All 20 herds that were tested against serovar bratislava antigen had Table 4 . Farrowing averages and occurrence of stillbirths, abortions, and mummified fetuses according to vaccination status of sows in NAHMS herds. Table 5 . Far-rowing averages and occurrence of stillbirths, abortions, and mummified fetuses in 20 NAHMS herds tested for bratislava antibodies.
No. per farrowing* tistate basis. l9 Forty-two percent of NAHMS sera tested against bratislava antigen were positive, but a relatively high percentage of these sera were also positive against other serovars such as copenhageni and autumnalis. There appear to be 2 possible reasons for the occurrence of antibodies against serovar bratislava: (1) a large percentage of Iowa swine have been exposed to serovar bratislava, or (2) swine have had experience with other Leptospira serovars or other infectious agents that are closely related antigenically to serovar bratislava. Comparisons of herds that were positive and negative against bratislava antigen could not be made in this study because all herds tested had some seropositive animals. The best comparison that could be made was of farrowing averages and reproductive problems between herds with higher and lower percentages of seropositive animals. No significant differences between the 2 groups were observed. Serovar bratislava has been shown to be a significant pathogen of swine in Europe. Prior to 1989, serovar bratislava had been isolated from swine in the United States on only 1 occasion 7 and appeared to be much more difficult to isolate than other leptospira serovars. During 1989, serovar bratislava was isolated from sows with reproductive problems in Iowa and Indiana (C. A. Bolin, personal communication, 1989). In addition to swine, serovar bratislava has been isolated from sheep, horses, hedgehogs, brown rats, 14 foxes, and badgers 13 in Europe. The role of the serovar bratislava strains isolated in the United States as etiologic agents in swine reproductive disease has not been definitely established.
Less than 3% of sera tested against serovar hardjo antigen were positive. Only 2 serovar hardjo isolates have been recovered from swine in the United States (C. A. Bolin, personal communication, 1990), but serovar hardjo has been isolated from a sow and an aborted fetus in Ireland. 12 Cattle are the natural reservoirs of serovar hardjo. 10 Titers against serovars copenhageni, which may have rats as a reservoir, 2 ballum, which is commonly recovered from mice, and pyrogenes, which has been isolated from deer and nutria, 8, 25 were also observed. Prevalences based on isolation of these and other serovars found in wildlife reservoirs have not been established for swine.
The MAT appeared to be of value in predicting the infecting serovars of sows. Serologic test results were available in 5 of the 9 IVDL cases from which leptospires were isolated. Titers ranged from 100 to 12,800 and were highest in every case for the serovar isolated from aborted fetuses. The difficulty in interpretation of serologic tests for leptospirosis was emphasized by the fact that many sows and gilts in the NAHMS program that did not show any clinical evidence of leptospirosis also had MAT titers of 100-800 against 1 or more serovars.
The serovars isolated in this study, kennewicki 26 and grippotyphosa, are the serovars most frequently associated with porcine leptospirosis in the United States.
Less frequently, infections with serovars canicola and icterohaemorrhagiae have occurred. 23,28 Swine are considered to be reservoirs of serovar pomona, 20,22 but are most likely alternate hosts of serovar grippotyphosa, which probably has the raccoon or other wildlife for a reservoir. 22 No significant differences were observed in farrowing averages or reproductive problems between vaccinated and nonvaccinated NAHMS herds. However, leptospirosis was not diagnosed in any herd during the observation period. If outbreaks had occurred, the outcome of this comparison might have been quite different.
According to the results of this study, leptospirosis in Iowa swine can best be described as sporadic and of relatively low prevalence. When leptospirosis occurs in a swine herd, it may be quite severe, as in cases 5 and 9. Even though the percentage of seropositive animals in NAHMS herds appeared high, leptospirosis could be confirmed by recovery of leptospires in only 1.6% of 578 IVDL cases of abortions, stillbirths, and neonatal deaths. Some of the seropositive results could be attributed to vaccination. 24 Other positive serologic findings could have resulted from subclinical or previous infections or cross-reactivity with other infectious agents. 20 Further work is needed to determine the pathogenicity of the serovar bratislava strains recovered from swine in the United States and to define the role of these strains in swine reproductive failure. Studies are also needed to determine the relationship between leptospira antibody titers and the presence of the organism in suspected cases of leptospirosis.
